Two different models are compared for the simulation of the transverse electronic transport through a heterostructure: a 1D self-consistent Schrödinger-Poisson model with a numerically heavy treatment of resonant states and a reduced model derived from an accurate asymptotic nonlinear analysis. After checking the agreement at the qualitative and quantitative level on quite well understood bifurcation diagrams, the reduced model is used to tune double well configurations for which nonlinearly interacting resonant states actually occur in the complete self-consistent model.
approach (see [1] [2] [3] [4] [5] [6] [7] ). A well-known difficulty for the numerical simulations comes from quantum resonances because they produce very stiff variations of the spectral quantities with respect to the energy variable: this increases dramatically the numerical complexity or requires some specific treatment. This point becomes an issue when the numerical simulation is motivated by a self-consistent nonlinear problem which takes into account in a mean field approach the electronic repulsion (see [8] [9] [10] ). Such a nonlinear system is often referred to as a Schrödinger-Poisson system. Meanwhile in the one-dimensional setting the scattering states are simply described in the active region by using energy-dependent transparent boundary conditions for the Schrödinger equation. After an accurate asymptotic analysis of the nonlinear spectral problem presented in [11] [12] [13] , an asymptotic reduced model has been derived by considering the regime of a finite number of resonant states produced by quantum wells in a semiclassical island. The reduced model summarizes how a finite number of resonant states as well as the phase-space geometry of the tunnel effect governs the nonlinearity and may produce several nonlinear solutions like in [14] . After introducing carefully the scaling and checking the relevancy of the approximations, realistic cases similar to the one studied in [10] for GaAs devices and [9] for Si-SiO 2 devices have been numerically tested in [15] . The agreement with the simulations of [9, 10] were satisfactory although the configurations in [15] were not exactly the same (for example, the nonlinear effect outside the barriers were not taken into account although they are known to produce sometimes non negligible effects, see for example [16] ). Furthermore the rapidity of the computations (for some cases, a few seconds on a laptop with a Matlab like software for the reduced model while about one hour of computations on a biprocessored with 3 GHz Xeon computer for the complete system) and the exhaustive description of nonlinear solutions with the finite dimensional reduced model made possible the exploration of some exotic nonlinear solutions with nonlinearly interacting resonant states. The purpose of the present article is twofold 1. Check by taking exactly the same data for both models that the reduced model and the complete Schrödinger-Poisson model agree very well at the qualitative and quantitative level. 2. Check that the exotic nonlinear solutions found in the double well problem make sense within the Schrödinger-Poisson problem and lead to interesting physical phenomena like a damped beating effect stable for an extended range of applied bias.
Although a rescaling leading to dimensionless quantities allows to consider equally Ga-As or Si-SiO 2 devices (see [15] ) only Ga-As have been considered here.
The model

Initial writing
The mass m that we use is the effective electronic mass m = m 3 in the transverse direction x = x 3 . The quantum hamiltonian for a single electron has the form
with a nonlinear potential V NL which is non negative and takes into account the mean repulsive electrostatic potential in the area a ≤ x ≤ b. The nonlinear effects are not taken into account outside the heterostructure (quasineutral approximation). The total potential denoted by V also includes the piecewise affine function B referring to the bias voltage −B,
It is also made of the second term V 0 which describes the barriers and the wells,
with the constant V 0 > 0 and the compactly supported potentials W j ∈ L ∞ (R), −V 0 ≤ W j ≤ 0, fixed. The external potential B + V 0 is represented in Fig. 1 . The beam of electrons injected from both sides is described by a function f of the momentum variable k ≷ 0 Up to the reference energy (0 or −B), the injection profile is the same for both sides
where g 0 is the Fermi-Dirac distribution function integrated along the two directions (x 1 , x 2 )
with the Fermi level
and the total mass
The introduction of a non isotropic effective electronic mass (m 1 , m 2 , m 3 ) with this simplified relation between donor density n D and E F allows to adapt this model and the numerical simulations to Si-SiO 2 heterostructures like in [9] . The out-of-equilibrium regime for Schrödinger-Poisson system requires the introduction of the generalized eigenfunctions in order to describe the steady state density. The incoming generalized eigenfunctions ψ − (k, x) are defined for k > 0 by
with a similar formulation for k < 0 (exchange x ≤ a and x ≥ b, replace k by a well chosen square root of k 2 − B, see [15] for details). The electronic density n is given by
